Evidence is presented showing thata monkey anti-enterovirus 71 immune serum contains several antibody populations which differ in their mode of function. One population reduces infectivity, although inefficiently, by interactions at exposed antigenic sites and can be detected by measuring residual virus infectivity after mixtures of virus and antibody have been all0wed_.to interact. Another antibody population, which is unaffected by the immunosorbent Staphylococcus aureus (Cowan I strain), appears to attach to its antigenic site(s) only after interactions between enterovirus 71 and host cells have already begun. In view of the transience of (presumed) conformational changes in the invading viruses, demonstration of this type of antibody activity requires a particular host cell system. This second type of antibody neutralization could be detected on RD cells but not on green monkey kidney cells.
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In comparative plating experiments with partly neutralized vesicular stomatitis virus and echovirus 4, a marked difference in response was found between the two cell types used (Kjell6n & Schlesinger, 1959; Kjell6n &von Zeipel, 1984) . The obvious dependence of plaque assay results upon the cells used may help to shed light on controversial questions regarding the nature of the interactions between virus and antibody that result in neutralization.
Enterovirus 71 was used in the present study. The strain 52343, notorious for its large 'nonneutralizable' fraction on Vero and green monkey kidney (GMK) cells (von Zeipel, 1979) and the monkey hyperimmune serum, C-898, were kindly supplied by Dr G. von Zeipel (Stockholm, Sweden) . Monolayers of cells were prepared and plaque assays performed as described previously (Kjell6n &von Zeipel, 1984) . Simultaneous titrations of stocks of enterovirus 71 yielded a similar number of plaques (p.f.u./ml) on monolayers of either GMK cells (GMK-AH1 ; G/inalp, 1965) or rhabdomyosarcoma cells (RD; McAllister et al., 1969) . Nine triplicate titrations of a stock of enterovirus 71 yielded on average 5.65 × 105 p.f.u./ml on RD cells and 5.89 x 105 on GMK-AH1 cells with a range of 0.55 to 1.50 in the ratio of these titres.
To ascertain the neutralizing capacity of the heat-inactivated immune serum (IS), a suspension of about l0 s p.f.u, of enterovirus 71 was mixed with IS dilutions in phosphatebuffered saline (PBS) of 10 -2, 10 -3 and 10 -4 in a total volume of 2 ml; mixtures were then incubated for 2 h to complete virus-antibody combinations and seeded onto monolayers of GMK or RD cells. The hyperimmune serum neutralized virus infectivity, with a nonneutralizable fraction in all mixtures of about 10 -2 and 10 -1 of control virus for RD and GMK cells respectively. All mixtures showed surviving non-neutralizable fractions of virus which were independent of antibody concentration over the range studied, indicating excess of antibody at all dilutions (Dulbecco et al., 1956 ). The differences in surviving fractions of infectivity (SFI) between the two cell strains were statistically highly significant (Lorenz, 1963) and consistently reproducible. The fact that GMK cells produced tenfold more plaques than RD ceils from mixtures at antibody excess indicates that the neutralizing power of the antibodies varies from one host cell system to another.
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Since the same result was obtained after absorption of 0.5 ml of IS, diluted 1/800, on about 107 RD or GMK cells, anti-cell antibodies did not appear to contribute to neutralization. Similarly, both RD and GMK monolayers, treated with IS (diluted 1/800) for 2 h but washed three times before virus inoculation, showed as many plaques as did untreated monolayers. Thus, anti-cell antibodies, if present, did not hinder plaque formation.
When kinetic constants were estimated by measuring residual infectivity of mixtures of enterovirus 71 and antibodies at different times after mixing, the kinetics of inactivation varied with the cell type on which residual virus was assayed. A steady state was reached at a lower level and within a shorter time on RD cells than on GMK cells (Fig. 1) . Comparative plating of identical samples of partly neutralized enterovirus 71 on two different cell strains thus revealed an influence of the host cells on the outcome. These results-contradict the theory that neutralization is a direct consequence of the combination of the virus particle with antibody molecules and is independent of the cell system used for assaying the surviving virus (Dulbecco et al., 1956) . The inconsistency in inactivation kinetics suggests that the significantly lower residual infectivity which is measured on RD cells reflects not only the virus-antibody combinations that occur within the mixing tube, but also an additional antibody activity which presumably occurs after the samples are exposed to the RD cells. Such additional activities may be one of two kinds. Samples taken early during the kinetic experiments may contain antibody that continues to react with virus after inoculation of the virus-antibody mixtures onto cells. Different rates of inactivation may therefore be obtained if the kinetics of viral attachment and penetration differ between the two cell strains. The difference in residual infectivity late in the kinetic studies cannot be explained by a slow penetration of virus through one of the cell strains. At a late stage, the combinations between antibody and the accessible antigenic sites of the virus should already have been accomplished and the reactions therefore completed before inoculation of the mixtures onto cells. However, if the processes that lead to viral adsorption and penetration into cells entail the exposure of new and previously hidden antigenic sites a further antibody reaction might be possible.
Experiments were therefore devised to ascertain how long after its inoculation onto host cells enterovirus 71 remains susceptible to antibody activity, and whether this varies between RD and GMK cells. The kinetics of attachment of virus alone to the cell lines were similar (Fig. 2) . The small differences observed were not statistically significant. A difference between the cell strains with regard to viral adsorption and penetration might nevertheless exist, as shown by the results of the following experiments. Monolayers of RD and GMK cells were inoculated with virus, and IS was added to the seeded plates at different intervals (Table 1 ). The results indicate that enterovirus 71 is susceptible to neutralizing antibody during the process of adsorption to and penetration of the host membranes, though the reduction of the virus inoculated onto RD cells was both more pronounced and more enduring. Neutralization was not caused by residual IS interfering with progeny virus.
Thus, although the mechanism underlying differences in kinetics and in SFI between the two host cell strains is not clear, two possible alternatives are worth consideration. (i) Virusantibody complexes or antibody-mediated aggregates of virus particles may be infectious to GMK cells but not to RD cells. (ii) Certain critical antigenic sites of the virus may not be readily accessible to antibody until conformational changes of the particles have occurred. Such changes might take place in connection with adsorption to and penetration of host cell membranes. The prolonged susceptibility of enterovirus 71 during interaction with RD cells, mentioned above, may indicate a difference in behaviour between RD and GMK ceils in this respect.
Treatment of virus-antibody mixtures with an immunoabsorbent might help to evaluate the two alternative explanations. An immunoabsorbent might, for example, be able to remove those complexes which according to the first hypothesis are infectious for GMK but not RD cells. On the other hand, free antibodies might be removed from virus-antibody mixtures by absorbents. A higher level of residual infectivity on RD cells should then result if the second hypothesis were true.
Kronvall Fig. 1 . Effect of antibody on enterovirus 71 infectivity in different cell types. About 5 × 104 p.f.u./ml was mixed with IS at final dilution 1/10000 in 2 ml amounts. At the indicated times, samples were diluted in cooled PBS and seeded on RD (I) or GMK (O) cell monolayers. After incubation, the monolayers were washed and overlaid with agar. Virus survival is the ratio between the residual virus titre in the neutralization tube and the virus titre in the control tube. Fig. 2 . Attachment of enterovirus 71 to RD (O) and GMK (I) cells. Twenty-four plates of RD and 24 of GMK cells were each inoculated with about 100 p.f.u, and incubated at 37 °C to allow adsorption. At the indicated times, four plates of each kind were withdrawn, the inocula removed and the monolayers washed with 5 ml of PBS. They were then overlaid with agar and incubated at 37 °C. The average number of plaques obtained on plates overlaid with agar at 2 h without washing was arbitarily taken as 100~. Infectivity was determined by counting between 60 and 260 plaques for each point. Heat-inactivated suspensions of the G-148 and the Cowan I bacterial strains, kindly supplied by Dr G. Kronvall of Lund, were used for absorption studies (Table 2 ). Antibody absorption of the IS was investigated first. A 10~ suspension of the G-148 strain removed all neutralizing capacity in 0.5 ml of IS diluted 1/500, irrespective of which host cells were used as indicator in the plaque reduction tests. The application of a 10~o suspension of Cowan I to the IS left it devoid of any neutralizing effect that could be detected on GMK cells. A complete removal of antibody was not achieved by Cowan I treatment, however, since activities were still detectable on RD cells. The SFI of mixtures consisting of 3.6 x 104 p.f.u./ml and the Cowan 1-treated IS, diluted 1/10000, was 0.17. * Monolayers of RD or GMK cells were inoculated with 0.3 ml of enterovirus 71, tested beforehand to contain about 100 p.f.u. At the indicated times, 0.3 ml IS, diluted 1/5000, or 0.3 ml PBS was added to three plates of each kind. Two h after virus inoculation the plates were washed and overlaid with agar. Of the plates inoculated with IS at 110 min one of each kind was overlaid with agar without washing. This was done in order to see whether the IS interfered with progeny virus.
i Plates overlaid with agar without previous washing. 1.6 x 10 ~ 6.2 x 10 -2 3.3 x 105 2-4 × 104 7-3 x 10 -2 3.0 × 105 2.6 x 104 8.7 x 10 -2 * Virus and IS at a final dilution of 1/10000 were mixed and incubated at room temperature. After 2 h of incubation the mixture was divided into parts. Samples (1.5 ml) of the mixtures were mixed with an equal amount of 10% streptococci (G-148) or staphylococci (Cowan I). The mixtures were incubated for 1 h at 37 °C, and clarified by centrifugation. The residual infectivity of control and absorbed mixtures was determined on RD and GMK cell monolayers. The virus controls without antibody were similarly treated with G-148 or Cowan I before inoculation.
t Residual virus titre of the virus-antibody mixture/virus titre of the virus control.
Ten~ suspensions of G-148 and Cowan I were also used in studying the effect of IgGabsorbents of virus-antibody mixtures. As can be seen in Table 2 , the SFI, as determined on the GMK cell plates, was unaffected by IgG absorption procedures. The results from a series of experiments indicate that no virus-antibody aggregates infectious for GMK cells were removed by either of the absorbents. Thus, the outcome did not support the first hypothesis.
When the residual infectivities of the absorbed virus-antibody mixtures were determined on RD cells, the results differed depending on which of the IgG absorbents was used, and a clearcut difference in SFI was repeatedly effected by the two absorbing treatments. Absorption experiments using the G-148 strain resulted in a surviving fraction of infectivity that was higher than that found in unabsorbed mixtures (Table 2) . Absorption experiments using the Cowan I strain resulted in a SFI which was even lower, in some experiments considerably lower, than that of the unabsorbed mixture. Bearing in mind the possibility of other explanations, the results favour the second hypothesis outlined above, suggesting that a population of free antibodies exists in the virus-antibody mixtures. On removal of this antibody population by the G-148 absorbent, the SFI remained high also in the RD cell system. The Cowan I strain apparently did not absorb this antibody population which thus remains free to interact with virus when exposed to RD cells.
Combinations between antibody and superficial antigenic sites of the virus in vitro lead to reductions of infectious virus, but they are perhaps of limited significance in the neutralization phenomenon. Bivalent antibodies do, for example, aggregate virus particles. Since each aggregate gives rise to only one p.f.u, reduced infectivity results. It was recently demonstrated (Icenogle et al., 1983; Brioen et al., 1983 ) that reductions in poliovirus survival, caused by neutralizing monoclonal antibodies, were directly proportional to the number of virus particles entering the aggregates.
Critical sites of virus which do not become vulnerable to antibody until exposed during virushost interactions may explain some hitherto unresolved phenomena encountered in neutralization tests in vitro. Such a mechanism should also be taken into consideration in the search for viral vaccines which can be produced by the synthesis of polypeptides capable of mimicking viral 'neutralizing sites'. I thank Miss Monica Oberg for skilful technical assistance. The present work was supported by the Swedish Medical Research Council (project no. 16X-02865).
